istraction osteogenesis is widely used for leg lengthening, but often requires a long period of external fixation which carries risks of pin-track sepsis, malalignment, stiffness of the joint and late fracture of the regenerate.
Leg lengthening by distraction osteogenesis is widely used in both children and adults. Modern methods have reduced the rate of complications, [1] [2] [3] [4] but the time for external fixation can be very long. The consolidation phase is approximately twice as long as the distraction phase in children, and up to four times as long in adults, with times for external fixation of between 30 and 50 days per centimetre gain in length. [4] [5] [6] [7] [8] Patients often tolerate the period of consolidation poorly and complications such as pin-track infections and stiffness of the knee can develop, particularly in femoral lengthening. If the external fixator is removed too early, fracture of the regenerate may occur. 4 It would be beneficial if the period of external fixation could be reduced without increasing the risks. The concept of lengthening over an intramedullary nail is not new. [7] [8] [9] [10] [11] [12] In early procedures, unlocked Küntschner nails were used. It was possible to control alignment, but the external fixator had to remain in place until consolidation of bone was complete. 9 The advent of locking nails has meant that the external fixator can be removed once the leg has been lengthened and the distal locking screws inserted, providing axial and rotational stability and protecting the regenerate. We describe the technique of leg lengthening over an intramedullary nail and the clinical outcome in 20 patients.
Patients and Methods
We performed 18 femoral and two tibial lengthening procedures, carrying out distraction over an intramedullary nail. In 16 patients shortening was because of injury and in four as a result of congenital deformity. The mean age of the patients was 26 years (16 to 56). We excluded patients if they were skeletally immature, had a history of previous bone infection, or if the bone was too deformed to allow antegrade nailing. The mean leg-length discrepancy was 4.7 cm (2 to 8.6) as measured on preoperative scanograms (Table I) . At operation antegrade reaming over an intramedullary guide-wire was carried out to a diameter 1.5 mm larger than that of the selected intramedullary nail. The nail was then inserted temporarily. Proximally, the wire or screws of the external fixator were inserted posteriorly in the greater trochanter, avoiding the nail. Distally, they were positioned beyond the nail. The intramedullary nail was then removed. In 14 patients we inserted an intramedullary saw to a preselected site and performed corticotomy (Fig. 1) ; in the other six, we carried out an open osteotomy through an incision of 1 to 2 cm. At the time of corticotomy we corrected angulatory deformity in three patients and rotational deformity in four. The intramedullary nail (Richards Delta Femoral; Smith & Nephew, Memphis, Tennessee) was then inserted and secured proximally with a locking bolt (Fig. 2) . We then applied the body of a unilateral frame or the connecting rods of an Ilizarov device, using a circular frame in four patients and a monolateral fixator in 16 (Limb Reconstruction System, Orthofix, Verona, Italy; or Red Mototube, Howmedica, London, UK; Figs 2 and 3).
In three patients who presented with established nonunion and femoral shortening, a preliminary biopsy of the site of nonunion was carried out. If histological and bacteriological examination did not show infection, intramedullary nailing with proximal and distal interlocking was performed. Once there was evidence of bridging callus, the external fixator was applied, the distal locking screws removed, corticotomy performed and subsequent lengthening carried out.
In all patients, lengthening was started at a rate of 1 mm per day in increments of 0.25 mm. The regenerate was assessed weekly by radiography, coned to minimise radiation exposure, and ultrasound. The rate of lengthening was adjusted to ensure that rapid bone formation was not accompanied by premature union. Once lengthening had been completed, distal locking bolts were inserted into the medullary nail and the external fixator removed to facilitate (Fig. 4) . The range of movement of the knee was measured at each follow-up. All the patients reviewed have been followed up for at least 12 months (12 to 57).
Results
The mean gain in length was 4.7 cm (2 to 8.6) which represented a mean increase of 10.8% (4.0 to 20.0). The mean time for external fixation was 98 days (24 to 189), giving a mean of 20 days per centimetre gain in length. All distracted segments consolidated spontaneously with neither malalignment nor refracture (Table I) . In patients with unilateral fixators, the mean minimum knee flexion during the lengthening period was 85° (55 to 110). All patients regained their preoperative range of movement during the consolidation phase.
We divided difficulties into problems, obstacles and true complications (Table II) . In seven patients there were no complications. During the lengthening phase three patients required incision and draining of pin-site/sinus infections. Another needed lengthening of tendo Achillis. We performed osteoclasis for premature consolidation in one patient and quadricepsplasty in another.
There were three cases of deep infection (15%). All occurred after successful lengthening. Two infections became evident shortly after insertion of the distal locking screws, and the third six months after completion of lengthening. All were confirmed by specimens taken when the nail was removed, and eradicated by reaming of the medullary canal and administration of intravenous antibiotics. In two cases, shortening was because of previous open femoral fracture and in the third as a result of congenital deformity. There were no infections in patients in whom post-traumatic shortening was a result of previous closed fracture. Because we had only 20 patients in our series, we could not attach statistical significance to the fact that two of five patients with previous open fractures developed infections (Fisher's exact test, p = 0.14). The infection rate of 40% suggests that such patients may be at greater risk.
Discussion
Some authors have expressed concern that intramedullary nailing may compromise the endosteal blood supply of the diaphyseal bone [13] [14] [15] and thus affect the quality of the regenerate during leg-lengthening procedures. It has been shown experimentally, however, that osteotomy and corticotomy are equally effective in dividing the bone and that neither affects subsequent healing of the lengthened segment. [16] [17] [18] There is also evidence that the periosteal blood supply may increase after intramedullary nailing and it is known that it is particularly important for effective distraction osteogenesis. [18] [19] [20] In recent clinical studies, successful lengthening over a nail has been achieved without compromising the quality of the regenerate and subsequent consolidation. [7] [8] [9] [10] [11] [12] 21 This technique allows lengthening only in the anatomical and not in the mechanical axis. Theoretically, in the treatment of congenital shortening, it could create abnormal mechanical axes but neither we nor Paley et al 7 encountered this problem. Our results confirm previous reports of the advantages of lengthening over an intramedullary nail. 7, 8, 11 The risk of refracture and the incidence of malalignment are reduced. The method allows earlier rehabilitation and more rapid resumption of knee movement. 1 The times for external fixation compare well with those of other reports (Table  III) . After temporary insertion of the intramedullary nail and placement of the screws for the external fixator, the nail is removed and the intramedullary saw is used to perform the corticotomy. The possibility of deep infection causes concern. Paley et al 7 recommend that there should be no contact between the pins of the external fixator and the intramedullary nail, and that the distal locking screws should be placed 2 to 3 cm from the pins. Although we followed these precautions, our rate of deep infection of 15% was much higher than the 3% to 5% previously reported. 7, 8 While two of the three infections occurred after previous open femoral fractures, one was in a patient who had undergone no previous surgery on that femur. Maurer, Merkow and Gustilo 22 reported 24 cases of open fracture in which external fixation was changed for reamed intramedullary nailing. They found a correlation between pin-track sepsis and the subsequent development of infection but we did not find any such link. In summary, lengthening over an intramedullary nail compromises neither the quality nor quantity of the regenerate and allows early removal of the external fixator. Paley et al 7 consider this method to be safe and reliable, but we had a high rate of deep infection in patients who had previous open femoral fractures. The method is useful for patients in whom the severity of shortening would require a long period of external fixation. Such patients have a high risk of refracture when external fixation is used on its own. They are also at risk of developing stiffness of the knee which is treated more effectively if the frame is removed on completion of the lengthening procedure.
No benefits in any form have been received or will be received from a commercial party relating directly or indirectly to the subject of this article. Figure 4 -Anteroposterior radiograph of the femur. Once the required length is achieved, the distal locking bolts are inserted. Early removal of the external fixator can then be followed by unimpaired rehabilitation.
